implies that the real interest rate can be negative only if there is inflation. The finding that inflation is needed to prevent a depression if the equilibrium real interest rate is negative has important implications for the conduct of contemporary monetary policy. Central banks should abandon inflation targets if an economic shock induces an expected decline in consumption that requires a negative real interest rate.
Section 1 reviews the theory of consumer behavior in dynamic macroeconomic models.
Section 2 provides a historical narrative of the behavior of the real interest rate in the United States since the early 19 th century. The historical analysis makes two assumptions: (1) the consumption
Euler equation represents a macroeconomic equilibrium relationship between the real interest rate and consumption growth, and (2) expected consumption fell and the volatility of consumption rose during national emergencies. Section 3 shows how the monetary standard conditioned the inflation process. The econometric analysis, which is provided in the next two sections, supports the hypothesis that there exists an equilibrium relationship between the real interest rate and consumption growth. In Section 4 the nonlinear consumption Euler equation is estimated, and in Section 5 the log-linear functional form is considered. The second moments, which enter the loglinear Euler equation, are estimated using the EWMA/ARCH methodology. Section 6 concludes with a word of caution against the use of monetary policy rules in the presence of adverse political and economic shocks that give rise to pessimistic consumer expectations that necessitate a negative real interest rate.
Consumer Behavior
Consider the decision problem of a consumer who decides on consumption in two time periods.
The optimum condition, which is known as the consumption Euler equation, is: u'(C t ) is the marginal utility of consumption in time period t. To illustrate, assume that the real interest rate r equals the subjective discount rate ρ. Then, it is optimal to keep consumption constant because the marginal utility of consumption must be the same in each time period. The gap between r and ρ determines the optimal time path of consumption. When r exceeds ρ, consumption grows because marginal utility in period t+1 must be less than marginal utility in period t. This assumes that marginal utility falls when consumption increases. Of course, the consumer postpones consumption if the real return on saving exceeds the subjective discount rate. Similarly, the consumer reduces saving if the real interest rate is less than the subjective discount rate. Equation (1) can be applied to the representative consumer in a dynamic macroeconomic model. Then, the equation includes two endogenous variables, the real interest rate and the growth rate of per capita consumption, − for the growth rate of consumption, this can be written as:
Since r, ρ and g are all small, applying logarithms yields the approximation:
Optimal consumer behavior implies that the real interest rate equals the sum of the subjective discount rate and the product of the coefficient of relative risk aversion and the growth rate of consumption. Since the parameter θ is positive, there exists a positive relationship between the real interest rate and consumption growth. In the steady state, consumption is constant and the real interest rate is approximately equal to the subjective discount rate. In this paper special attention is paid to situations in which a fall in consumption requires a negative real interest rate. For example, the equilibrium real interest rate is minus 13 percent if ρ is 2 percent per year, θ equals 1.5, and consumption falls by 10 percent per year. Using the same utility function as before, the optimum condition is: 
The expectation operator should not be written into the nonlinear expression on the right-hand side of equation (8). Instead, Romer (2006, p. 369) This equation shows the equilibrium relationship between the real interest rate and consumption growth if both quantities are uncertain. The expected real interest rate is positively related to the expected rate of consumption growth and the covariance between the real interest rate and consumption growth, while the variance of consumption growth is negatively associated with the real interest rate. Consumers demand a high real interest rate if the covariance between the real interest rate and consumption growth is positive because bonds are an ineffective vehicle for consumption smoothing in this situation. The variance of consumption growth interacts negatively with the real interest rate because an increase in consumption volatility induces precautionary saving, putting downward pressure on the real interest rate.
From 1831 to 2004, the growth rate of American per capita consumption was 2 percent per year, the covariance between the real interest rate and consumption growth was 0.0002, and the variance of consumption growth was 0.002. Plausible parameter values of the utility function are ρ = 2 percent and θ = 1.5. With these figures, equation (9) yields a mean real interest rate of 4.28 percent, which is not far from the historical average of 3.57 percent. It seems that the covariance and variance terms do not matter much in equation (9), at least in the long-run. The covariance term increases the mean real interest rate by only 0.03 percent, and the variance term reduces it by 0.75 percent.
However, this estimate of the average real interest rate is based upon unconditional moments, whereas equation (9) really holds for conditional moments. The conditional moments of macroeconomic time series, including the real interest rate and consumption growth, depend on economic conditions. Therefore, it is possible that the second moments in equation (9) have a sizeable effect on the expected real interest rate during a national emergency, even if their long-run effect is negligible.
In Section 5, the conditional second moments are estimated using the EWMA/ARCH methodology.
The American Real Interest Rate
The theory of consumer behavior predicts that the real interest rate is negative during a national emergency that affects consumption. A fall in consumption requires a negative real interest rate in equation (5), and a fall in expected consumption reduces the expected real interest rate in equation (9). The expected real interest rate also falls because the conditional variance of consumption growth increases during a crisis. As will be seen in Section 5, the sign of the conditional covariance between the real interest rate and consumption growth depends on the nature of a crisis.
In Figure 1 , the real interest rate is the short-term interest rate minus the inflation rate in the preceding year. The shaded areas indicate the most severe national emergencies that have affected the United States since the early 19 th century: the Civil War (1861-65), World War I (1914-18) , the Great Depression (1929 -33), World War II (1939 -45), the Korean War (1950 , the oil crises (1973-74 and 1979-80) , and the attack on the World Trade Center that led to the US invasions of Afghanistan and Iraq (since 2001). The real interest rate became negative during every major war, it turned negative when deflation ceased in the 1930s, and it was negative during the oil crises. At the same time, the real interest rate became negative without obvious national distress only once, during the recession in 1957 -58. The Vietnam War (1964 did not lead to a negative real interest rate because the United States was drawn into it gradually over a lengthy period of time. Therefore, the conditional moments of consumption growth remained unaffected. Table 1 summarizes all national emergencies during which the real interest rate became negative. It is easy to calibrate equation (9) (9) yields minus 4.5 percent. In fact, the real interest rate was minus 3.1 percent, which lies between these two estimates.
Negative real interest rates are a key feature of American business cycle history. The real interest rate was negative in 35 years during the 174 years covered by Figure 1 . Macroeconomic equilibrium requires a negative real interest rate if the economy is hit by a strong shock that affects consumption. During wars and national emergencies, people saved because they expected that consumption would fall and the conditional variance of consumption growth was high. People who face adverse economic prospects save in order to maintain consumption. There is an incentive to save because the expected marginal utility of future consumption is high if expected consumption is low and uncertain. During wars and national emergencies, the incentive to save was so strong that there would have been excess saving and a corresponding excess supply of commodities without a negative real interest rate. For this reason, negative real interest rates prevented the recessions during wars and emergencies from becoming outright depressions. The crucial difference between the national emergencies and the Great Depression is that there was moderate to high inflation during the former, while prices fell during the latter. During the national emergencies, inflation made it possible that the negative equilibrium real interest rate, which was required by pessimistic consumer expectations, was indeed realized. During the Great Depression, the interest rate mechanism failed to achieve macroeconomic equilibrium because the nominal interest rate could not fall further and deflation produced a positive real interest rate. The inflation process was conditioned by the monetary standard. The gold standard is incompatible with a flexible inflation rate, whereas the monetary authority is free to inflate in a paper standard.
Although the United States did not change the official gold price from 1837 to 1933, the gold standard was not always fully operational.
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To finance the Civil War, the Union issued paper money, the so-called greenbacks, and it sold government bonds to national banks, which held them as legal reserves against their bank notes. The expansion of the supply of greenbacks and national bank notes generated inflation during the Civil War. During the first three years of World War I, it was easy for the United States, which was still
neutral, to maintain the gold standard because European gold flowed across the Atlantic to pay for armaments and strategic raw materials. But the influx of gold led to an expansion of the American money supply that caused inflation. After entering the war in 1917, the United States ran a budget deficit that was partly monetized by the Federal Reserve. This produced more inflation and a loss of official gold reserves. As a consequence, the United States restricted the export of gold, undercutting the gold standard. During World War II, the gold standard was not operational and, as during the Civil War and in 1917-18, inflation was fueled by the printing press. After World War II, the Bretton Woods international monetary agreement linked all countries indirectly to gold through fixed exchange rates with the US dollar, which was defined in gold. Unlike American residents, foreign governments had the right to exchange dollars for gold at the US Treasury. This arrangement gave the United States some leeway in monetary policy because foreign governments were expected to exercise restraint in the demand for American gold during emergencies. The Bretton Woods system was sufficiently flexible to absorb the spike in inflation during the Korean War, but American inflation went on for too long in the 1960s and the system collapsed in 1971. Since then, national paper standards have given central banks control of the inflation rate.
The restoration of the gold standard after Word War I restricted the conduct of monetary policy in the interwar period. The United States abolished the export restriction on gold in 1919, and the international gold standard had been restored by the mid-1920s. Therefore, the world entered the Great Depression with a monetary system that did not allow for inflation when a negative real interest rate was required for macroeconomic equilibrium. Central bankers, who were impervious to the social cost of falling output and high unemployment, embraced deflation in order to bring commodity prices in line with the official gold price. In the United States the deflationary process ended only when Franklin D. Roosevelt abandoned the gold standard after taking office in 1933. Not surprisingly, consumer pessimism persisted for several years and the real interest rate became belatedly negative in 1934 (Figure 1 ). This analysis implies that there was a macroeconomic disequilibrium during the Great Depression, whereas the economic contractions during the wartime emergencies and oil crises were equilibrium responses of the economy to exogenous shocks. The inability of the economy to achieve a new macroeconomic equilibrium, which was caused by the failure of the interest rate mechanism to equate saving and investment, explains the unusual severity of the Great Depression. The following arguments pin down the values of the parameters of the representative utility function. Equations (5) and (9) imply that the subjective discount rate equals the real interest rate when real per capita consumption is constant. Therefore, the low real interest rates that prevail in countries that are close to a steady state -for example Japan and Switzerland in the 1990s -suggest that ρ must be low, perhaps two percent per year or less. A similar argument does not apply to the coefficient of relative risk aversion, for any value of θ is compatible with a steady state. But values between one and four yield a plausible marginal rate of substitution between consumption in two successive years if real per capita consumption grows at two percent per year, which is the average rate of growth from 1831 to 2004. Setting ρ = 0.02, θ = 1.5 and C t+1 /C t = 1.02, the marginal rate of substitution between current and future consumption is: (stochastic discount factor) with θ = 3, and the option-implied coefficients of relative risk aversion of Bliss and Panigirtzoglou (2004, p. 429 ) lie between about 2 and 10. Hansen and Singleton (1982, 1984) first applied the generalized method of moments (GMM) to the nonlinear consumer Euler equation (4). Using monthly data from 1959 to 1978, they estimated several models with an increasing number of lags on instruments. They found that the annualized ρ lies between 0.6 percent and 9.8 percent and θ is between 0.35 and 1. The annual data that are used in this study provide a similar range for both parameters. Table 2 Depression and is insignificantly different from zero afterwards. The decline in ρ accounts for the secular fall in the real interest rate, which can be seen in Figure 1 . The estimate of θ is less than one in both subperiods. Using the entire sample period, θ is 2.95 and ρ is insignificantly different from zero. The exogenous and predetermined variables include two lags of the inflation rate and two lags of consumption growth.
The standard errors of coefficients are shown in brackets. Coefficients that are not significant at the ten percent level are marked with the superscript #. To correct for serial correlation, the standard errors are based on a Newey-West covariance matrix that was estimated with four lags. The bracket under the J statistic is the level of significance (p-value).
Conditional Second Moments
The main advantage of the regression in Table 2 is that it does not require the conditional variance of consumption and the conditional covariance between consumption and the real interest rate. The catch is that the consumption Euler equation (4) is nonlinear, and nonlinear GMM leads to inconsistent estimates in the presence of measurement error. The next regression uses estimates of the second moments as regressors in the log-linear consumption Euler equation (9). The standard theory of measurement error applies to this equation because it is linear in the coefficients. Two models are used to estimate the second moments: a univariate EWMA model and a bivariate EWMA model, which was adapted from a multivariate GARCH(1,1) model that was proposed by Engle (2002) . The univariate model yields estimates of the conditional variances of consumption growth and the real interest rate, and the bivariate model adds the conditional covariance between the two variables. The estimated variances are identical in the univariate and bivariate models. The GARCH(1,1) model assumes that the variance is mean reverting, but the EWMA model does not. As seen in Figure 3 , the variances of consumption growth and the real interest rate do not return to a stable long-term value. Since there is no mean reversion, the EWMA model is preferable to the GARCH(1,1) model. 6 The regression output of the volatility models is included in an Appendix that is attached to the electronic version of this paper. The covariance between consumption growth and the real interest rate measures the consumption risk of government bonds.
8 Figure 3 -C shows that the covariance between consumption growth and the real interest rate averages zero in the long-run. Therefore, government bonds yield the riskfree interest rate in the long-run. Although low consumption risk is an inherent quality of government bonds, in exceptional circumstances it may change, either positively or negatively.
During the Civil War, investors faced the possibility that a bad outcome of the War would reduce consumption and, at the same time, government bonds would become worthless, providing no hedge against the fall in consumption. The positive conditional covariance between consumption growth and the real interest rate confirms that US government bonds were being perceived as a risky investment during the Civil War. In contrast, investors never lost confidence in the United States during both World Wars. Then, the conditional covariance between consumption growth and the real return on government bonds turned negative, indicating that US government bonds were viewed as a hedge against a fall in consumption. The same holds during the Great Depression, when deflation increased the real value of government bonds and bank failures and corporate bankruptcies affected the credit rating of private securities. Table 3 shows the estimated log-linear consumption Euler equation, using the same time periods as before. For the full sample period, two models are estimated: one including a dummy variable for the time after World War II and another including a trend instead of the dummy variable. The instruments include two lags of the inflation rate and two lags of each independent variable. The estimates confirm that the subjective discount rate, ρ, has declined since the 19 th century. Using all data from 1831 to 2004, the constant is 9.9 percent and the coefficient of the postwar dummy is minus 9.1 percent. Thus, ρ was 9.9 percent from 1831 until the end of World War II, and it has been The exogenous and predetermined variables include two lags of the inflation rate and two lags of each independent variable.
The standard errors of coefficients are shown in brackets. Most coefficients are significant at the one percent level. Coefficients that are not significant at the ten percent level are marked with the superscript #. To correct for serial correlation, the standard errors are based on a Newey-West covariance matrix that was estimated with four lags. The bracket under the J statistic is the level of significance (p-value). The likely explanation for the strong effect of the second moments on the real interest rate is that these coefficients are biased because of some omitted variable that depressed the real interest rate during wars and emergencies. Adopting an idea of Rietz (1988), Barro (2006) proposed that rare disasters played a role in determining the real interest rate in the United States during the 20 th century. 9 The possibility of a disaster reduces the real interest rate because people prepare for disasters by saving more. Barro (2006, Section 6) conjectures that an increase in the perceived disaster probability accounted for the fall in the real interest rate during wars. Thus, the absolute values of the coefficients of the covariance and variance terms may be too large because the 9 Barro (1987) argued that military spending increased the real interest rate in Great Britain during wars, but Barro (1993, pp. 321-322) presented conflicting evidence on the United States, which, according to Romer (2006, p. 76) , shows that "real interest rates appear to have been, if anything, generally lower during wars than in other periods." Romer concludes that the "reasons for this anomalous behavior [of American interest rates] are not well understood." Both this study and Barro (2006) leave no doubt that the real interest rate falls during wars.
omission of the perceived disaster probability from the regression equation produces biased estimates.
Another explanation for the strong effect of the second moments on the real interest rate is that the log-linear Euler equation does not consider shocks to the marginal utility of consumption. A war, however, causes a temporary proportional downward shift of the period utility function. The utility function shifts downward because the horrors of war affect the welfare of consumers at every level of consumption. In addition, the composition of aggregate consumption changes, as some goods become unavailable and consumers shift away from goods whose prices skyrocket on the black market. During the oil crises, price controls and rationing reduced the availability of petrol for weekend outings and other enjoyable activities that require a car. Consumers save when marginal utility is temporarily low during a war or emergency, and they catch up by spending more when marginal utility recovers afterwards. This extra saving reduces the real interest rate during the war or emergency. In future research, it would be interesting to incorporate both ideas, that the perceived disaster probability increases and that marginal utility falls during wars and emergencies, into the log-linear consumption Euler equation.
Conclusion
The consumption Euler equation provides an equilibrium relationship between the real interest rate and the rate of consumption growth in dynamic macroeconomic models with microeconomic foundations. The real interest rate interacts positively with both the rate of consumption growth and the covariance between the interest rate and consumption growth, and it is negatively related to the variance of consumption growth. Therefore, the real interest rate is high during economic expansions and it is low or negative in periods of political and economic distress. A negative real interest rate was a common occurrence in US macroeconomic history. It became negative during every major war and it was negative during the oil crises. Except for the Vietnam War, whose course was more drawn out than that of other conflicts, wars and national emergencies gave rise to consumer pessimism.
People saved because they expected that per capita consumption would fall and because the volatility of consumption was high. Consumption was also postponed because the hardship of wars directly reduced marginal utility, and shortages and rationing affected the composite aggregate consumption good. It is also likely that the perceived probability of a disaster increased. For all these reasons, macroeconomic equilibrium required a negative real interest rate during wars and national emergencies. Without a negative real interest rate, there would have been excess saving and a corresponding excess supply of commodities.
Alas, the interest rate mechanism does not work automatically. The zero bound on the nominal interest rate implies that there must be inflation when the equilibrium real interest rate is negative. insisted on 'sound' budget principles, implemented one of the largest tax increases in American history to pay for Depression related public projects. In this, he had the support of the financial community, which, according to Friedman and Schwartz (1963, p. 322) , rejected increases in government spending and monetary expansion as "greenbackism" and as being "inflationary". Thus, the authorities knew that an expansion in government spending that is financed by the printing press would cause inflation, but, accepting the advice of financial circles, they let deflation run its course in order to safeguard the official gold price. The lesson from American economic history is that monetary policy targets, whether a fixed price of gold or a direct inflation target, should be abandoned when an adverse political or economic shock causes a decline in expected consumption and an increase in consumer uncertainty. The United States adopted a combination of increasing government spending and monetary expansion during every episode of negative equilibrium real interest rates except once -during the Great Depression. and 1948. In 1857 the commercial paper rate was 11.00 percent (NBER) and 11.56 percent (Dick). In 1948 the 90-day Treasury bill rate and the commercial paper rate were 1.04 percent and 1.44 percent.
Appendix: Data
The real interest rate is the nominal interest rate minus the annual inflation rate (Figure 2 ).
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